The objectives in this study were two folds: First to assess intellectual function of the parturient during the first stage of labor, before and after labor epidural analgesia. Second was to evaluate the effects of neuraxial fentanyl on cognitive functions, immediately after its administration and after several hours of continuous epidural infusion.
INTRODUCTION
The ability of patients to make informed healthcare decisions, including the decision to undergo potentially invasive forms of treatment has been an ethical issue in obstetric anesthesia. Timing of consent for peridural labor analgesia is considered by some to be an ethical dilemma, postulating that pain clouds a patient's ability to make a rational decision. Furthermore, the use of opioids during all forms of labor analgesia has called into question the ability of a patient to then make a ration decision to undergo cesarean section or tubal ligation.
Acute pain invokes deleterious physiologic changes, including disturbances of respiratory, cardiac, renal, gastrointestinal and central nervous system functions ( 1 ). Kewman and Brown demonstrated a strong relationship between pain and poor cognitive function ( 2 , 3 ). Iezzi reported that pain patients with high emotional distress experienced more neurocognitive difficulties with intellectual tasks, immediate and delayed recall of verbal and nonverbal material, abstract thinking and problem solving, and cognitive efficiency than those with low emotional distress ( 4 ) Labor pain is severe and acute with both visceral and somatic components. As labor progresses from latent to active phase, the pain increases. Parturients demonstrate correlating pain-related behaviors if analgesia is not provided. ( 5 ). A common method of labor analgesia is either traditional labor epidural (LEA) or combined spinal epidural analgesia (CSEA). Both techniques may employ lipophilic opioids such as sufentanil and fentanyl administered with local anesthetics. Opioids have been implicated in impaired cognitive function, particularly secondary memory retrieval ( 6 ). Fentanyl even at low plasma concentrations (2.5 ng/ml) may impair memory and behavioral performance ( 7 ).
Our objectives in this study were two folds: First to assess intellectual function of the parturient during the first stage of labor, before and after labor epidural analgesia. Second was to evaluate the effects of neuraxial fentanyl on cognitive functions, immediately after its administration and after several hours of continuous epidural infusion.
METHOD
Forty-one patients admitted with the diagnosis of intrauterine pregnancy (IUP) in labor were selected. The patients were in the first stage of labor (latent or active) with moderate to severe labor pain, and requested epidural analgesia. Twenty three patients had combined spinal epidural (CSE) and eighteen patients had epidural analgesia (EA). Baseline systolic, diastolic and mean arterial pressure, heart rate, and fetal heart rate were recorded. All patients received 500 ml of IV lactate ringer prior to administration of CSEA and LEA.
The patients remained in the study if they delivered vaginally. Cesarean deliveries were excluded since the surgical intervention itself could impair cognitive functions.
CSEA GROUP
Twenty-three patients had CSEA utilizing a needle-throughneedle technique. Twenty mcg of fentanyl was injected intrathecally after which an epidural catheter was placed. Patients were then positioned supine with left uterine displacement (LUD). Three ml of 1.5% Lidocaine with 1:200,000 epinephrine was injected through the epidural catheter to rule out intravascular or intrathecal injection. Following a negative test dose, a continuous infusion of 0.1% of Levobupivicaine with 3.33 mcg of fentanyl/ml was started at a rate of 8-10 ml/hour. Six patients in the CSEA group were excluded from the study because of cesarean section secondary to arrest of active phase or nonreassuring fetal heart rate.
LEA GROUP
Eighteen patients had epidural analgesia only, using loss of resistance to air technique. After epidural catheter placement, patients assumed a supine position with LUD. Following a negative test dose, a total of 3 to 10 ml of 0.25% Levobupivicaine was titrated incrementally through the epidural catheter until patients achieved comfort. A continuous infusion of 0.1% of Levobupivicaine and 3.33 mcg of fentanyl/ml was started at a rate of 10 ml to 12 ml/hour. Five patients in the LEA group delivered by cesarean and were excluded from the study. Diagnoses for cesarean section in this group were arrest of active phase and non-reassuring fetal heart rate.
All study patients requiring additional pain medication received 3-10 ml of 0.25% Levobupivicaine through the epidural catheter. Decreases in systolic blood pressure 20% less than baseline or with symptoms were promptly treated with IV lactated ringers and ephedrine. Each patient performed a Mini Mental Status Examination (MMSE) before the combined spinal epidural or epidural analgesia (See table 1) . Pain score on visual analog scale (VAS) was also recorded. The MMSE was repeated after analgesia administration, when the patient was comfortable, and again at the end of the labor when removing the epidural. A MMSE of 24 or higher was considered normal. 
RESULTS
Thirty patients completed the study. All patients were ASA I or II, with ages ranging from 19 to 34 years. There were no significant differences between the groups. (See table 2 for demographic data). Two patients (one patient from each group) were in latent phase stage one while all the others were in active first stage at the time CSEA or LEA. Latent phase begins with maternal perception of regular contractions, accompanied by progressive slow cervical dilatation and ends between 3 to 5 cm of dilatation. Rapid change in cervical dilatation defines active stage one, generally beginning when the cervix is 3 to 4 cm dilated. (See table 3) The average length of first stage labor in primigravida was 13.6 + 1.2 hours whereas in multipara it was 10.3 ± 1.45 hours. The average pain scores on VAS in both groups were 8,2, and 2 before, after, and at the time of catheter removal, respectively (see figure 1) . The average time length of epidural infusion was ten hours in both group (see figures 2&3). Patients who spoke, read, and wrote English only, both English and Spanish, and Spanish only were 3, 9, and 5 respectively in CSEA group. In LEA group 2, 6, and 5 patients spoke, read, and wrote English only, both English and Spanish, and Spanish respectively. There was no difference in MMSE scores among them. The Spanish only in both CSE and LEA group scored 29 out of 30, because all had difficulty with repeating the "No ifs, and's or but's" language task. In the attention and calculation parts, equal numbers of patients ( 9 ) in both CSEA and LEA had difficulty in completing Serial7's (that is subtracting 7 from 100,5 times) before, and after the labor analgesia. But all were able to successfully complete the alternatives, such as spell "world" backward or name all twelve months in reverse order within 15 seconds.
DISCUSSION
Pain is a complicated dynamic process, beginning with tissue injury leading to pain, suffering and eventually pain-behaviors ( 8 ) . Nociception is a physiological process with a well-defined neural basis. Although pain is usually perceived in response to noxious stimuli, nociception does not necessarily lead to pain, nor does all pain rely upon nociception. Suffering, a negative affective response starts after the patient perceives pain. However suffering may not always require the presence of pain. Pain behaviors such as moaning, screaming, splinting, complaining of pain, seeking compensation and attention, are results of suffering but may occur in the absence of pain or conversely may not occur in the presence of pain. ( 9 ) Pain has long been considered a central experience of labor while its mechanism is complicated and perhaps not well understood. It results from a complex interaction of hormones, neuronal network (particularly the autonomic nervous system), and local Ischemic/hypoxic changes in the uterus. Labor pain begins with contractions and ends with fetal/placental delivery. Melzack reported that in primiparas, 60% had severe or extremely severe pain, 30% had moderate pain and only 10% had mild pain. In multiparas 45% had severe or extremely severe pain, 30% had moderate pain and only 25% had mild pain ( 10 ). Another study on labor pain intensity in Scottish women who are known for their stoicism, reported that 60% had the most intense pain that they had ever experienced ( 11 ).
Cognitive functions impairment during pregnancy and postpartum periods have been documented. One study found a pregnancy related decline in memory during third trimester ( 12 ) while another reported that pregnant women have normal cognitive capabilities, but may be more affected than usual by high cognitive loads ( 13 ). Parturients increasingly express pain behavior and agitation as the labor progresses from latent to active phase, but after the administration of peridural analgesia such behavior substantially decreases ( 5 ). Studies have also found a relationship between subjective pain and distress with cognitive activities, particularly in latent labor ( 5 , 14 ).
In this study we tried to determine if labor pain and neuraxial fentanyl affect intellectual functions of the patient. We used MMSE to evaluate orientation, registration, attention, calculation, recall, and language.
Orientation to time and place is a function of a complex interaction between cortex and limbic system. The limbic system includes hippocampus, amygdala, anterior and medial nuclei of the thalamus, medial and basal parts of the striatum, and the hypothalamus. This area coordinates emotion, motivation, autonomic tone and endocrine function. Despite the fact that laboring parturients display highly emotional behavior, none of our participants failed to answer questions regarding orientation for time and place. One animal study showed that fentanyl decreases the cerebral blood flow particularly to the limbic system structures ( 15 ). Schneider and Bevilacqua reported that fentanyl in concentrations commonly used in out-patient surgical procedures produces pronounced cognitive impairment (auditory reaction time, signal detection, sustained attention, recognition) in comparison to placebo ( 16 ). We did not find any sign of impairment of orientation to time and place secondary to neuraxial fentanyl.
Registration is an assessment of global mental status. Intense emotional stimulus or psychological exertion can cause transient global amnesia, which is characterized by sudden onset of anterograde memory and learning ability loss. ( 17 ) In our study most patients had labor pain-related intense psychological exertion but none had any signs of registration failure to new information. Fentanyl can affect cholinergic neurons decreasing release of acetylcholine (ACh) particularly in the hippocampus, which is related to memory ( 18 ).Our study failed to show impairment of registration function with neuraxial use of fentanyl.
Attention and calculation broadly assesses the frontal lobe. Frontal lobe function includes maintenance of transient online information (working memory), concentration span, verbal fluency, scanning and retrieval of stored information, inhibition of immediate inappropriate responses, and mental flexibility .One study found significantly lower scores on working memory tested in primigravid and primiparous patients ( 19 ). In our study we did not find any evidence of working memory impairment .All parturients in both groups successfully completed the attention and calculation task. Although nine patients in each group failed to do serial 7' s, they were able to recite the twelve months in reverse within 15 seconds. Despite the fact that IV fentanyl impairs cognitive functions, we could not find the same effects with the neuraxial fentanyl. Recent or secondary memory is retentive memory and requires proper limbic system function.
Sharp showed that during pregnancy there is a significant impairment of memory as tested by recall ( 20 ) .Our results refute impairment of short-term recent memory by recall during labor pain and after the use of neuraxial fentanyl.
The neural network for language is distributed in the perisylvian region of the left hemisphere, the anterior and posterior parts of which are known as Broca's and Wernicke's areas respectively. Language examination on MMSE includes assessment of naming, spontaneous speech, comprehension, repetition, reading and writing. None of our patients failed the language tasks although the Spanish-only patients had difficulties in repeating the English axiom portion of the MMSE.
The MMSE is not designed to detect specific mental impairment and it may be influenced by culture and education, it is an easily administered and accepted cognitive function screening test.
In conclusion, neither labor pain nor neuraxial fentanyl interfere with higher intellectual functions of parturients. We did not find any correlation between labor pain and impairment of cognitive function on MMSE.
